The biological background of medicinal and aromatic plant species varies to a large extent. The following examples demonstrate different breeding approaches with respect to the biological specialties of the breeding objects. Combination breeding by crossing proved to be the appropriate approach to combine the early maturity and the low growth height of a sweet fennel genotype (Foeniculum vulgare Mill. spp. vulgare var. dulce) with the high essential oil content and oil composition of a bitter fennel population (F. vulgare Mill. spp. vulgare var. vulgare) because there were no fertilization barriers between the different parent genotypes. The frequent incidence of cytoplasmic male sterility of sweet marjoram (Origanum majorana L.) favors the development of hybrid varieties with an improved performance due to the hybrid vigor of the F 1 of genetically different parent lines with a high homogeneity because the F 1 is used as variety for the production. The segregation of following generations prevents unlicensed seed propagation and, in this way, a natural protection of the plant breeders rights is guaranteed. The apomictic behavior of St. John's wort (Hypericum perforatum L.) can be used for fast genetic fixation of desired trait expressions, because seed progenies of high-grade apomicts are true breeding to a great extent. St. John's wort is in general a pseudogamous facultative apomict, but in rare cases obligatory sexuals and pure apomicts also occur. In a St. John's wort collection of more than 120 accessions the following shares were determined: 94.7% facultative apomicts / sexuals, 2.2% obligatory apomicts, and 2.5% obligatory sexuals.
INTRODUCTION
The biological background of the different plant species varies to a large extent. The breeder has to take into consideration this fact when he is going to arrange breeding procedures. The key for successful breeding is the optimal adaptation of the breeding approaches to the biological particularities of a specific species.
Factors determining the breeding approaches are e.g. the type of genetic control of the trait (recessive or dominant, monogenic or quantitative), the degree of the environmental influence on the trait expression, the reproductive biology (e.g. self-, or cross pollinated), and whether the time of selection is before or after flowering (Kuckuck et al., 1991) . Experiences with three different medicinal and aromatic plant species and the breeding approaches, which were arranged with particular respect to the varying reproduction biology are reported in the following.
BREEDING APPROACHES FOR THREE SPECIES WITH DIFFERING BIOLOGICAL BACKGROUND

Exploitation of the Compatibility of Different Fennel Subspecies for Trait
Combination by Crossing 1. Aims. Pharmaceutically used bitter fennel was grown in Germany in former times as biennial crop with the plantlets produced in the first year and planted early in spring in the second year. Breeding of the varieties 'Berfena' and 'Magnafena' with an accelerated development (Reichardt and Pank, 1993) enabled the farmer to sow in March, and harvest in the autumn of the same year. The breeding efforts have to be continued with the aim to reach maturity earlier, to limit the growth height at about 120 cm, and to meet the requirements of the European Pharmacopoeia, an essential oil content of at least 4% with the following essential oil compound contents: at least 60% trans-anethole, at least 15% fenchone and less, than 5% estragole. 2. Material and Methods. After the selection of appropriate donors by evaluation of different fennel accessions, we tried to combine desired trait expressions of two rather different fennel genotypes by crossing. The above mentioned two varieties of bitter (Foeniculum vulgare Mill. spp. vulgare var. vulgare ) and a population of sweet fennel (F. v. spp. vulgare var. dulce) . The bitter fennel genotypes guarantees the aspired chemical composition, but their growth is tall and they are late maturing. On the contrary the sweet fennel genotype has an unsatisfying essential oil content and composition but it is very early maturing and the growth height is low. We tried to combine the desired early maturity and the low growth height of sweet fennel with the chemical composition of bitter fennel by reciprocal crossing. No fertilization barriers between the two rather different genotypes could be observed. The resulting F 1 populations were cultivated in the following year in isolations. Elite plants were selected in the next generation in the following year. The families of the selected elite plants were cultivated in the last year and evaluated in a field experiment with 4 replications and 8 plants on each plot (50 x 60 cm distance). The growth height (cm) was measured immediately before harvest, the maturity calculated as the number of days between emergence and ripening and the essential oil content of the fruits (%, v/w) and its components (%, v/v) determined according to Pank et al. (2000a) . All traits were measured on individual plants and the Tukey-Test was performed with the glm procedure of the SAS system, Version 6.12 for Windows (Anonymous, 1989) . Table 1 shows the trait expressions of the parents and of the families of the selected elite plants of the last year. 3. Results. The data show the late maturity of the bitter fennel genotypes and the desired early ripeness of the sweet fennel parents. Nearly all offspring populations met the requirement of ripening early in autumn in contrary to the bitter fennel parents. No offspring exceeded the upper growth height limit of 120 cm. The essential oil content of the offspring populations was improved in comparison to the sweet fennel parent. But only one population reached the required lower limit of 4%. The anethole content of the essential oil of the bitter fennel parents was low and could not meet in every case the lower limit. In contrary the anethole content of the sweet fennel parent was 85%. All offspring populations met the requirements of the pharmacopoeia with more than 60% anethole and less, than 5% estragole.
Exploitation of the Incidence of Cytoplasmic Male Sterility of Marjoram for Hybrid
Variety Breeding 1. Aims. Marjoram (Orgianum majorana L.) is used as condiment for soups and meat preparations. Some hundred hectares are cultivated in the northern region of the Harz mountains in Germany. Important breeding aims are high yield, high essential oil content and a good homogeneity of the herbal drug. These aims can be achieved by hybrid varieties and therefore appropriate parental components -cms-lines with their maintainers and pollinator lines with a good combining ability -are required in addition. Hybrid variety breeding in medicinal and aromatic plants is only at the start of its development. The main advantages of hybrid varieties are the improved performance due to the hybrid vigor of the F 1 of genetically different parent lines and the uniformity of the F 1 generation, which is used as variety for the production. The segregation of following generations prevents unlicensed seed propagation, and in this way a natural protection of the plant breeders rights is guaranteed. Disadvantages are the necessity to maintain different parental lines and the expensive seed production. Marjoram provides good prerequisites for the development of a hybrid variety system, because cytoplasmic male sterility often occurs. 2. Material and Methods. A hybrid variety system has been developed in the frame of the EU funded research project FAIR3-CT96-1914. The cms-lines with their maintainers were developed by the Veterinary University in Vienna. The pollinator lines were created by the Federal Center for Breeding Research on Cultivated Plants in Quedlinburg: after the selection of 20 high performance populations among a collection of about 50 accessions (Pank et al., 1999a (Pank et al., , 1999b ) two cycles of selection and inbreeding (Langbehn et al., 2000) were performed. The populations were cultivated in a block experiment with four repetitions and 12 plants on every plot on the experimental field. The yield, male fertility, and essential oil content of the single plants were evaluated (Pank et al., 1999a) . The best single plants were transferred to the glasshouse in autumn and self-pollinated over winter. The families of the self-pollinated plants were cultivated in the following year as first or second inbred generation, respectively. The percentage of the male fertile plants and the essential oil content could be improved considerably. The level of the yield did not change considerably after two cycles of selection and inbreeding, thus, it seems, that the selection towards high yield could compensate the expected inbreeding depression (Langbehn et al., 2000) . Test-crossings of four male sterile and 20 pollinator lines were performed in small glass houses by the Chrestensen company in Erfurt to produce the hybrid seeds for the combining ability tests. The combining ability test of the resulting F 1 -populations was performed as field experiment series on three locations in France, Germany, and Italy (Pank et al., 2000b) . 3. Results. Fig. 1 and 2 show the results of the evaluation of the yield and the essential oil content. The bars present the performance of some of the involved genotypes: The grey bars represent the four cms-strains, the white bar the standard variety 'Marcelka' and the black bars the F 1 hybrids. The shares of the general combining ability of the seed parent (gca s ) and the pollen parent (gca p ), their specific combining ability (sca) and the mean of the genotypes are presented in the table. The first column informs on the genotypes: the four cms-lines, the standard 'Marcelka' and the parents of the combinations cms-line x pollinator line. The best and the worst combination of each cms-strain are plotted.
The lowest yield with 1.235 t/ha had the hybrid from the cms line 4 × pollinator strain 15, with gca (seed parent) -0.12, gca (pollen parent) -0.38 and the special combining ability of -1.7. The hybrids from the parent components 1 × 01 had the highest yield with 16.40 dt/ha. The general combining ability of the parent components was 0.28 for the seed parent, 1.05 for the pollinator. The special combining ability of this combination was 0.51. The yield exceeded the best cms-line 1 by 13.3% and the standard 'Marcelka' by 17.3%.
The lowest essential oil content has the combination cms line 4 × pollinator strain 17 with 1.71. The general combining ability of the seed and the pollen parent and the special combining ability are all negative. The combination cms 1 × pollinator 07 has the highest content with about 2.59%. All gca and sca effects are positive. This hybrid exceeds the seed parent cms 1 by 39% and the standard 'Marcelka' by 109%. The tests revealed that the combining ability was negative and positive and strongly dependent on the parent lines.
Exploitation of the Apomixis of St. John's Wort for Fast Genetic Fixation of Desired
Trait Expressions 1. Aims. Breeders have recently paid more attention to St. John's wort (Hypericum perforatum L.) due to its increased economic importance as raw material for antidepressant remedies. Important breeding aims are high yield, early flowering, resistance to wilt, which is caused by Colletotrichum gloeosporioides (Gärber, 1999) and high content of important compounds.
St. John's wort is a pseudogamous facultative apomict. But in rare cases obligatory sexuals and pure apomicts also occur (Matzk et al., 2000) . For the exploitation of the apomictic behavior of St. John's wort for accelerating the breeding procedures the rare obligatory sexual forms must be selected as prerequisite for cross pollination. Seed progenies of high-grade apomicts are nearly thoroughly true breeding due to the absence of genomic recombination. Therefore no procedures towards true breeding are necessary and heterosis effects can be genetically fixed. But, the combination of desired traits of different genotypes by crossing is complicate because the breeder must select the infrequent obligatory sexuals before crossings. Crossing progenies of sexual and apomictic parents can segregate in obligatory sexuals and apomicts. The cross progenies are to a great extent true breeded and -if the level of apomixis is high -practically already the finished variety. Our ongoing investigations are focusing on the generation of donors of the desired trait expression as components of the forthcoming crossing experiments. 2. Material and Methods. More than 120 accessions were collected from gene-banks and by collection and evaluated according to the most important and chemical (hypericin content) and physiological (resistance against wilt, sexual background). A series of field experiments was performed in three repetitions on each of the three locations in Germany and of a field screening without repetitions on one location. The hypericin content was determined by HPLC using the extract of ground samples of the dried flowering horizon harvested at full bloom on the St. John's wort plots (Pank et al., 2000c) . The fungus Colletotrichum gloeosporioides was isolated and cultivated on agar in petri dishes. A suspension was produced by extracting the conidia from the cultures on agar. Young St. John's wort plants were inoculated with the spore suspension (concentration 4 x 10 6 conidia per ml) in the glasshouse or in the open field. Resistant plants were selected after visual evaluation of the susceptibility. The reproductive pathway of St. John's wort plants can be determined by flow cytometry using their mature seeds (Matzk et al., 2000) . The histogram peaks inform about the DNA content of the cell nuclei of the embryo and of the endosperm cells and indicate in such a way the type of the reproductive pathway. In our experiments samples of 50 seeds of each of 768 single plants originating from 98 accessions were investigated. 3. Results. The variability of the important traits was very high. Fig. 3 shows the high variability of the hypericin content as an example. Some of the accessions -marked by black bars -can be used for the development of donors of a high hypericin content. Fig. 4 shows the high variability of the susceptibility to the wilt. Some accessions can be used for the development of resistant donors.
During study of the reproduction types the following shares of individuals were found: 94.7% facultative apomicts/sexuals, 2.2% obligatory apomicts, and 2.5% obligatory sexuals.
According to the above results, the best accessions were selected, and developed to specific lines for the crossing program which is starting at present.
CONCLUSIONS
The three examples confirm that the breeder has to take into consideration the biological particularities of the different species when he is going to arrange breeding procedures. The appropriate approach for the combination of aspired trait expressions from sweet and bitter fennel was combination breeding by crossing because there were no fertilization barriers between the parent genotypes. The frequent incidence of cytoplasmic male sterility of marjoram favours the development of hybrid varieties. The apomixis of St. John's wort can be used for fast genetic fixation of desired trait combinations. ,Topaz' 
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